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(54) Ferritic stainless steel sheet having less planar anisotropy and excellent anti-ridging 
characteristics and process for producing same 



(57) A ferritic stainless steel sheet having less pla- 
nar anisotropy and excellent anti-ridging characteristics 
is disclosed. The sheet includes not more than about 
0.02 wt% of C, about 0.01 - 1 .0 wt% of Si, about 0.01 - 
1 .0 wt% of Mn, not more than about 0.08 wt% of P, not 
more than about 0.01 wt% of S, about 0.005 - 0.30 wt% 
of Al, about 1 1 - 50 wt% of Cr, about 0.1 - 5.0 wt% of Mo, 
not more than about 0.03 wt% N, with the contents of C 
and N satisfying the relations: about 0.005 wt% <, (C + 
N) < about 0.03 wt%, and (C/N) < about 0.6. The sheet 
also includes Ti in an amount to satisfy the relation: 
about 5 <> Ti/(C + N) £ about 30. The balance of the 
sheet includes Fe and incidental impurities, with the 
sheet having an X-ray integral intensity ratio (222)/(310) 
of not less than about 35 in a plane parallel to a sheet 
surface at a depth of 1/4 of the sheet thickness from the 
sheet surface. This ferritic stainless steel sheet may be 
produced by a method which includes hot rolling said 
steel having the above-described composition at a final 
pass reduction ratio during rough rolling of not less than 
about 40% and at a final finish rolling temperature of not 
more than about 750°C. The hot rolled sheet is subse- 
quently annealed, cold rolled, and finish annealed. 
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Description 

BACKGROUND OF THE INVENTION! 
5 Field of the Invention 

Description o f the Prior Art 

quate planar anisotropy and additional improvements in workability. frequently, it must exhibit ade- 

*. ^ , ,he 1 purpose of im Pf°ving the workability of ferritic stainless steel, a method which lowers the (C * N) mnt<«t «. 

aorJIS! I eChniques '. are dir «**d chiefly to improving the r value and the ductility While they are 

« and other Se^^ST^ 06 *" *" W0UW ■*«■>■«* **» the polishing 

SUMMARY OF THE INVFNTIOM 

To be specific, this invention has the following essential elements 
50 wt% of Cr. about 0. 1 - 5.0 wt% of Mo. not more than about 0.03 wt% N. C and N satisfying the relations about 0.005 
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wt% <, (C + N) < about 0.03 wt% and (C/N) < about 0.6. The ferritic stainless steel further comprises Ti in an amount 
which satisfies the relation about 5 < Ti/(C + N) £ about 30, with the balance of the ferritic stainless steel being Fe and 
incidental impurities. The ferritic stainless steel has an X-ray integral intensity ratio (222)/(310) of not less than about 35 
in a plane parallel to the sheet surface at a depth of about 1/4 of the sheet thickness from a sheet surface. 

5 Preferably not less than about 80% of the sheet in the thickness direction possesses an X-ray integral intensity ratio 
(222)/(310) within ±40% of the average X-ray integral intensity ratio (222)/(310) in the thickness direction. 

The invention also embodies a method of producing a ferritic stainless steel sheet, wherein a steel having the 
above-described composition is hot rolled with a final pass of the rough rolling reduction ratio of not less than about 40% 
a final finish rolling temperature of not more than about 750°C to produce a hot rolled sheet. The hot rolled sheet, which 

10 preferably possesses an X ray integral intensity ratio (222)/(31 0) of not less than about 30 in a plane parallel to the sheet 
surface at a depth of about 1/4 of the sheet thickness from a sheet surface, is subsequently subjected to hot roll anneal- 
ing, cold rolling, and finish annealing. 

Other elements and equivalents of this invention will become apparent from the following detailed description. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing the relation between planar anisotropy in terms of AEI and Ar and the C/N content ratio 
of the steel. 

Fig. 2 is a graph showing the relation between planar anisotropy in terms of AEI and Ar and the X-ray integral inten- 
20 sityratio[a«=(222)/(310)]. 

Fig. 3 is a graph showing the relation between the thickness proportion of the sheet which possesses an a [a = 
(222)/(310)] within about ±40% of the average a in the sheet thickness direction to the sheet thickness and planar ani- 
sotropy in terms of AEI and Ar. 

Fig. 4 is a diagram describing the method for determining the thickness proportion of the sheet which possesses 
25 an a [a = (222)/(310)] within about ±40% of the average a in the sheet thickness direction. 

DETAILED DESCRIPTION OF THE INVENTION 

This invention will be described more specifically below with reference to the contents of the components of the 
30 steel. 

C: Not more than about 0.02 wt% - 

> ■ 

C is an element which generally lowers the r value, represses elongation and weakens corrosion resistance. The 
35 upper limit of the content of C is about 0.02 wt% because these adverse effects become conspicuous above the con- 
tent. Preferably, C content is not more than about 0.005 wt%. 

Si: Between about 0.01 and 1.0 wt% 

40 Si is an element which promotes deoxidation, when the Si content is not less than 0.01 wt%. The upper limit of the 
Si content, however, is about 1 .0 wt%. Contents in excess of about 1.0 wt% can impair cold workability and degrade 
ductility. Preferably, the Si content is in the range of about 0.03 - 0.5 wt%. 

Mn: Between about 0.01 and 1.0 wt% 

45 

Mn is useful for separating S from steel and fixing the separated S and to maintain hot workability, when the Mn 
content is not less than 0.01 wt%. The upper limit of Mn content is about 1 .0 wt% because additional quantities lower 
cold workability and degrade corrosion resistance. Preferably, the Mn content is in the range of about 0.1 - 0.5 wt%. 

so P: Not more than about 0.08 wt% 

P is a harmful element which not only degrades hot workability but also deteriorates mechanical properties. The 
upper limit of P content is about 0.08 wt% because the adverse effects of this element become conspicuous when the 
content exceeds about 0.08 wt%. Preferably, P content is not more than about 0.04 wt%. 

55 

S: Not more than about 0.01 wt% . 

S is a harmful element which couples with Mn to form rust-promoting MnS and, at the same time, segregates in the 
grain boundary and promotes the embrittlement of grain boundary. The upper limit of the S content, therefore, is about 
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0.01 wt% because the adverse effects of this element become conspicuous when the content exceeds about 0 01 wt% 
Preferably, S content is not more than about 0.006 wt%. 



Al: Between about 0.005 and 0.30 wt% 



Al is an element which promotes deoxidation, when the Al content is not less than 0.005 wt%. The upper limit of Al 
content is about 0.30 wt% because additional quantities of this element promote Al-based inclusions which induce sur- 
lace flaws. The Al content is preferably in the range of about 0.005 - 0.10 wt%. 



io Cr: Between about 1 1 and 50 wt% 



Cr is an element which is indispensable to the improvement of corrosion resistance. The Cr content is in the range 
of about 1 1 - 50 wt% because sufficient corrosion resistance will not be realized if the content is less than about 1 1 wt% 
whHe hot and cold workability will be degraded if the content exceeds about 50 wt%. The Cr content preferably is in the 
'5 range of about 1 1 to 35 wt%. K ' 

Mo: Between about 0. 1 and 5.0 wt% 



. "« 1 T*?L inpr0VeS corrosion ^stance and anti-ridging characteristics, when the Mo content is not 
less than 0.1 wt%. The upper limit of the Mo content is about 5.0 wt% because the corrosion and rusting resistance 
effects are saturated, and precipitation of the a phase and the x phase is promoted to degrade corrosion resistance and 
workabihty when the Mo content exceeds about 5.0 wt%. Mo content is preferably not less than about 0. 1 wt% to ensure 
the beneficial effects descrtoed above. 



25 N: Not more than about 0.03 wt% 

N. like C. is harmful to corrosion resistance because it lowers the r value, represses elongation, and forms a Cr- 
removing layer through the formation of a Cr nitride. The upper limit of the N content is about 0.03 wt% because the 
adverse effects of the element become conspicuous when the N content exceeds about 0.03 wt% Preferably the N 
30 content is not more than about 0.01 wt%. 

about 0.005 wt% s (C+N) s about 0.03 wt%, (C/N)< about 0.6 

t ^i < ^ d !! , ^ deS ?L t f d abW6, **** have adverse effects on the r ^"e. elongation, and corrosion resistance. If the 
total content of C and N exceeds about 0.03 wt%, these negative effects will become conspicuous. Conversely, if the 
comb,n«J content of C and N is less than about 0.005 wt%, a preferential growth of crystal grains will be promoted, con- 
trolling the aggregation texture becomes difficult, and anti-ridging characteristics is degraded The C content and the N 
content, therefore, must satisfy the expression, about 0.005 wt% <, (C + N) s about 0 03 wt% 

. haVe 3,50 discwered me wei 9 w rati0 of c and N- (C/N). has a large effect on the aggregation texture If 
(ON) is less than about 0.6. the numerical value of the X-ray integral intensity ratio (222)/<310) will increase, the rvalue 
and the elongation will be improved, and Ihe magnitude of planar anisotropy will decrease. The C content and the N 
content, therefore, must also satisfy the relation, (C/N) < about 0.6. 

Fig. 1 shows the relation between planar anisotropy (to be determined by the method which will be described 
herein below) and C/IM, obtained from various species of steel sheets having the C + N in the range of 0.0080 - 0 0200 

£L + ^'"*? ran9e 0,10 " 19 ' and the rther elements in accordance with the present invention. Fig. 1 shows 
that the C/N must be less than about 0.6 to decrease the planar anisotropy as required. 

about 5 <; Ti/(C + N) <, about 30 

• ~H J 3 < S?" ^ nitr09en stabilized element which is useful for repressing the precipitation at the grain bounda- 
ries of Cr carbides and/or nitrides during the course of welding or heat treatment. Ti also improves corrosion resistance 
fixes the solid solution of C and N in steel in the form of a carbides and/or nitrides, controls the texture of aggregation" 
and improves ductility and workability. 

« «. • Th !f 6 effects J wi " not ** obtained " wei 9W ratio of Tito (C+N). i.e. Ti/(C + N) . is less than about 5. Conversely 

* mw^^ 30> 81686 Pr0p6rti6S be de9raded - Thus - 15 and C and N must satisfy the relation, about 

o < i + N) £ about 30. 

The composition of the ferritic stainless steel of this invention may also include, besides the elements mentioned 
above, at least one member of at least one group selected from the following three groups: 
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(1) Ca: About 0.0005 - 0.0050 wt%, 

(2) Nb: About 0.001 - 0.0100 wt%, B: About 0.00020 - 0.0020 wt%, 

(3) Cu: About 0.01 - 2.0 wt%, Ni: About 0.01 - 2.0 wt%. 

5 Ca: Between about 0.0005 and 0.0050 wt% 

Ca effectively represses the nozzle clogging caused by Ti-based inclusions during the casting of steel, when the 
Ca content is not less than about 0.0010 wt%. The Ca content, however, must have its upper limit of about 0.0050 wt% 
because excess addition of this element can induce rusting, with a Ca-based inclusions acting as the starting point, and 
10 consequently promote fracture by embrittlement. The Ca content is preferably in the range of about 0.0010 - 0.0030 
wt%. 

Nb: Between about 0.001 - 0.0100 wt% 

is Nb is a carbon and nitrogen element which effectively enhances corrosion resistance and workability and, in par- 
ticular, enhances planar anisotropy for improved mechanical characteristics, when the Nb content is not less than about 
0.001 wt%. If Nb is added in an amount exceeding about 0.0100 wt%, however, the effect mentioned above will be sat- 
urated and the workability will be degraded as the temperature of recrystallization rises. The upper limit of Nb content, 
therefore, is about 0.01 00 wt%. For the purpose of manifesting the effect of producing minute carbide particles in steel, 

20 refining crystal grains, and improving planar anisotropy, it is preferred that Nb content is between about 0.003 and 0.008 
wt%. 

B: Between about 0.00020 and 0.0020 wt% 

25 B is a useful element which precipitates in the crystal grain boundaries and improves the secondary work embrrt- 
tlement of steel, when the B content is not less than about 0.00020 wt%. The upper limit of B content is about 0.0020 
wt% because contents in excess of about 0.0020 wt% impair workability. Preferably. B content is in the range of about 
0.0003- 0.0010 wt%. 

30 Cu: Between about 0.01 and 2.0 wt% 

Cu is a useful element which improves resistance to corrosion, caused by acid, and the crevice corrosion resist- 
ance, when the Cu content is not less than 0.01 wt%. The element is also effective in restraining the growth of pits des- 
tined to become initial rusting points, thereby improving the corrosion resistance. Cu is useful for imparting improved 
35 corrosion resistance to such consumer articles as building materials and kitchen utensils, for example. The upper limit 
of the Cu content is about 2.0 wt% because Cu contents exceeding about 2.0 wt% will bring about adverse effects like 
cracking at high temperatures. Preferably, Cu content is in the range of about 0.1 - 2.0 wt%. 

Ni: Between about 0.01 and 2.0 wt% 

40 

Ni is also a useful element which improves the resistance to corrosion, caused by acid, and the crevice corrosion 
resistance, when the Ni content is not less than 0.01 wt%. The element is also effective in restraining the growth of pits 
destined to become initial rusting points, thereby improving the corrosion resistance. Ni is useful for imparting improved 
corrosion resistance to such consumer articles as building materials and kitchen utensils, for example. The upper limit 
45 of Ni content nevertheless is about 2.0 wt% because Ni contents in excess of about 2.0 wt% will bring about adverse 
effects such as cracking at high temperatures. Preferably, Ni content is in the range of about 0.1 - 2.0 wt%. 

For the purpose of improving the corrosion resistance, it is preferred that the total content of Cu and Ni is not less 
than about 0.01 wt%. 

so X-ray integral intensity ratio: (222)/(310) (hereinafter expressed as "a") 

An increase in the X-ray integral intensity ratio: a = (222)/(310) (which will be described specifically herein below) 
in a plane of a rolled steel sheet parallel to the sheet surface serves reflects a decrease in the ratio of planar anisotropy 
such as for Ar and AEI without negatively affecting the r value and the elongation. To secure this advantageous effect, 
55 the ratio of a in a plane of a hot rolled sheet parallel to the sheet surface at a depth of about 1/4 of the thickness of the 
sheet is controlled to a level exceeding about 30. When a hot rolled sheet having an aggregation texture controlled as 
described above is subjected to hot rolled sheet annealing, cold rolling, and cold rolled sheet annealing, a ferritic stain- 
less steel sheet having the ratio of a at depth of about 1/4 of the thickness of the sheet in a plane parallel to the sheet 
surface will ultimately exhibit an a exceeding about 35. 
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Fig. 2 represents the relation between planar anisotropy (to be determined by the method which will be described 
shtefr^c^ 

0 (So wStS J „ ^r 10 " 5 SPeaSS °' 3466,5 having C + N total ventages in the range of 0.0080 - 
0.0200 wt%. the Ti/(C + N) ratio m the range of 10 - 1 9. and the other elements in accortance with the invention to hot 

S^'" 9 ^ ^ P6rf ° rmed Und6r *™ «"*»■ R 9 2 ^ows that fte raS of a 

^ JSSS2?£ V ,ev « of ? ,ess man * ou * 35 ' pre,erab,y to a ,evel of not less *» ^ » ^ S 

pose of lowenng both the elongaton planar anisotropy AEI and the r value planar anisotropy Ar 

min^^K ? U*S 1M * 1,16 thickn6SS in the direction of sneef ^^ess is adopted as the position for the deter- 
mination of the >X-ray integral intensity ratio a, because it has a good relation wflh the ^anto^^fe^^. 
resentatve of the numerical values of a existing throughout the entire body of the steel sheet ^ 

rJ^ZS^T^iiT* redu <* on in b °* ^s of planar anisotropy AEI and Ar is 

reiainea increases as the ratio of the X-ray integral intensity ratio a increases and also increase in ^ 
improved uniformity in the ratio of a in the sheet thickness direction P * 

. ^ d ^ of r* 9 ' 3 W8re 0btain6d by P re P ari "9 steel sheels whose ratio of a at a depth of 1/4 of the sheet thickness 

ZZ "2Zt T T ere in * e ran9e of 50 ' 1 30 ' measurin9 the ratio * • in *• of JJZ£££S£Z 

possesses an a within ±40% of the average a in the sheet thickness direction. The relation between the Dranorfon* 
mentioned above and both types of planar anisotropy AEI and Ar is shown in Fig 3 proportions 
The method for specif teally calculating the ratio of the X-ray integral intensity ratio a mentioned above will is sche- 
matically shown in Rg. 4. First a distribution curve in the direction of sheet thickness is found b^me^a fte ra^of 

Sess B S£E STi I «! °" * Sh66t thiCknSSS ' ^ dividin9 106 resute <* » is in *W*n bYthe sheet 

■nn J?' fJ?^' "l? ^ anisotr °Py 030 be decreased by controlling the thickness proportion of the sheet hav- 

9 TltLTf 1 ±W% °* tHe aV6ra9e ° h th6 Sh6et ***"•" direcfon to «* than atout 
J m eth^for Producing a steel sheet in accordance with the invention comprises melting a steeYhaving a comoo- 
s*™ specified above in, eg., a converter or an electric furnace, forming slabsfrom the mett oy aTntinuous^sZ 

sheet pickling, cold rolling, and finish annealing. These steps are described in detail below. 
Hot rolling 

tantSnr^ 

TJ^JZ,?^ Pa ? CUlar ; WS haV6 diSC0V6red 1031 when *• final f»* reduction ratio during X, 
exceeds about 40% separation of the ferrite band is ensured, strain in the sheet thickness direction is made untomf 
and the refinement of crystal grains by static realization is effectively promoted 

tione^a^ haS 8imi,ar «"e reduction ratio in the rough rolling men- 

'°" 6 f 4 3 T 1716 degree wn,cn *e unrtormrty, refinement and isotropy of the crystal grains in the direction of 

lowers. The upper limit of the final finish rolling temperature is set at about 750°C becaus* th J "JZI T 

er1oTa^u^r y ^ 
ranal^S^ 

Sr^Tf 6 PUrp0Se 01 imp3rtin9 Uniform s^" 1 in *• dire <*°" o? *ee» thidmess is advaTSgeous 

because the lubncation promotes static recrystallization caused by accumulation of strain. advantageous 

Annealing of hot rolled sheet 

ic J!!? a ™i eaHn9 ? nditi0nS for 916 h0t rall6d 5,1631 affect *** ,f the an "ealing temperature of the hot rolled sheet 

^"i™?, ran96 01 ftis annea,in9 temperature, therefore, is about 900 • 1 1 OO^pre^ 
1050-C. The annealing time is preferably in the range of about 5 seconds - 4 minutes 
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Cold rolling 

The reduction ratio of the cold rolling affects ridging, the r value, and planar anisotropy. The r value and anti-ridging 
characteristics are improved and planar anisotropy is decreased when the reduction ratio of the cold rolling is 
5 increased. In view of these points, the reduction ratio of the cold rolling should exceed about 60%. These characteristics 
are degraded, however, when the reduction ratio exceeds about 95%. The reduction ratio of the cold rolling, therefore, 
is preferably in the range of about 60 - 95%. 

Finish annealing 

10 

The finish annealing of the cold rolled sheet is essential for the isotropy and uniformity of crystal grains and for the 
purpose of securing good mechanical properties. Preferably, the range of finish annealing temperature is about 830 - 
950°C, and the retention time is in the range of about 3 seconds - 1 minute. 

is EXAMPLES 

The invention will now be described through illustrative examples. The examples are not intended to limit the scope 
of the appended claims. 

Species of steel differing in chemical composition as shown in Table 1 (part 1-(a) to part 3-(b) were each melted 
20 and refined in a converter, cast in the shape of a slab, then heated to 1250°C, and hot rolled under production condition 
No. 1 shown in Table 2 by four passes of rough rolling and seven passes of finish rolling. The hot-rolled sheets were 
annealed (retention time: 1 minute), pickled, then cold rolled, and finish annealed (retention time: 30 seconds) to obtain 
cold-rolled steel sheets having a thickness of 0.6 mm. 
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Table 1 - 1 -(b) 



70 



20 



Steel No. 


C+N 


C/N 


Ti/(C+N) 


0 


Nb 


Ca 


B 


Cu 


Ni 


Remarks (Ex. = 
Example) 


1 


0.011 


0.38 


15.00 


0.007 


* 


* 


■ 


■ 


■ 


Ex. of Invention 


2 


0.011 


0.22 


16.36 


0.007 


0.0031 


0.0010 


0.0011 


* 


• 


Ex. of Invention 


3 


0.038 


0.90 


11.97 


0.009 


- 


0.0011 


0.0010 


* 


- 


Comparative Ex. 


4 


0.003 


0.50 


13.00 


0.009 


0.0025 


0.0009 


0.0010 






Comparative Ex. 


5 


0.008 


1.00 


14.00 


0.007 












Comparative Ex. 


6 


0.02 


3.00 


14.30 


0.008 




0.0011 


0.0010 






Comparative Ex. 


7 


0.013 


0.63 


13.38 


0.007 


0.0025 


0.0013 








Comparative Ex. 


8 


0.012 


0.50 


0.50 


0.011 


0.0021 


0.0011 


0.0009 






Comparative Ex. 


9 


0.009 


0.50 


38.11 


0.005 












Comparative Ex. 


10 


0.023 


0.53 


12.17 


0.008 


0.0025 


0.0011 


0.0012 






Ex. of Invention 
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Table 1 - 2 -(b) 



5 



10 



15 



20 



Steel No. 


C + N 


C/N 


Ti/(C+N) 


0 


Nb 


Ca 


B 


Cu 


Ni 


Remarks (Ex. = 
Example) 


1 1 


0.009 


0.13 


15.89 


0.007 


0.0020 










Ex. of Invention 


12 


0.009 


0.50 


15.78 


0.009 




0.0011 








Ex. of Invention 


13 


0.014 


0.40 


11.93 


0.015 


0.0015 


0.0010 


0.0013 






Ex. of Invention 


14 


0.014 


0.40 


21.86 


0.011 


0 0030 


0.0015 


0.0012 






ca. vi iiivenuun 


15 


0.012 


0.50 


8.75 


0.010 


0.0061 


0.0011 


0.0009 






Ex. of Invention 


16 


0.031 


0.48 


1.42 


0.011 


0.0025 


0.0009 


0.0008 






Comparative Ex. 


17 


0.009 


0.50 


1.11 


0.008 


0.0031 


0.0018 


0.0015 






Comparative Ex. 


18 


0.009 


0.29 


17.67 


0.011 


0.0020 


0.0009 


0.0018 






Ex. of Invention 


19 


0.011 


0.38 


19.82 


0.009 


0.0025 


0.0013 


0.0011 






Ex. of Invention 


20 


0.010 


0.43 


17.00 


0.006 






0.0009 






Ex. of Invention 
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Table 2 



5 


Produc- 
tion con- 
dition No. 


Final pass 
reduction ratio 
during rough 

roiling (%) 


Final tempera- 
ture for finish- 
ing roll (°C) 


Annealing 
tempera- 
ture of hot 
rolling (°C) 


Total reduc- 
tion ratio for 
cob rolling (%) 


Finish anneal- 
ing tempera- 
ture (°C) 


Remarks (Ex. 
= ExamDie} 




1 


43 


721 


1048 


85 


920 


Ex. of Inven- 


10 














tion 




2 


30 


725 


1045 


85 


920 


Comparative 
Ex. 


15 


3 


45 


810 


1040 


85 


915 


Comparative 
Ex. 




4 


30 


822 


1040 


85 


900 


Comparative 
Ex. 


20 


5 


45 


730 


850 


85 


910 


Comparative 
Ex. 




6 


43 


721 


1115 


85 


915 


Comparative 
Ex. 


25 


7 


47 


738 


1022 


85 


800 


Comparative 
Ex 




8 


AA 
*rr 


aQQ 


1030 


75 


980 


Comparative 
Ex 


30 


9 


25 


798 


1000 
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El, AEI, r value, and Ar 



From a given steel sheet, test pieces in accordance with No. 13B of J IS (Japanese Industrial Standard) were taken 
in a direction of 45° relative to the direction of rolling and in a direction of 90° relative to the direction of rolling. The test 
5 pieces were subjected to a tensile test to determine elongation at rupture. From the test results, El and AEI were calcu- 
lated based on the.following formulas: 



w 



EI = (EI L + 2EI D + EI T )/4 
AEI = (EI L -2EI D + EI T )/2. 



In the formulas, EI L represents elongation at rupture in the rolling direction, Elp represents elongation at rupture in 
a direction 45° relative to the rolling direction, and EI T represents elongation at rupture in a direction 90° relative to the 
rolling direction. 

is Test pieces in accordance with No. 1 3B of J IS, taken in varying directions in the same manner as described above, 
were uniaxially stretched to 5 ■ 15%. From the ratio of lateral strain and strain in the direction of sheet thickness thusly 
obtained, the Rankford values were determined in the relevant directions and the r value and the Ar were calculated 
based on the following formulas: 



20 



r=(r L + 2r D + r T )/4 
Ar=(r L -2r D +r T )/2. 



In the formulas, r L represents Rankford value in the rolling direction. r D represents the Rankford value in a direction 
25 45° relative to the rolling direction, and r T represents the Rankford value in a direction 90° relative to the rolling direction. 

• Erichsen value 

This was determined in accordance with method 2247 of JIS, using a sample coated with graphite grease. 

30 

• Undulating height (irregularities in ridging) 



The undulating height was measured by producing a ridge in a sample through a tensile test, measuring irregular- 
ities perpendicular to the stretching direction by the use of a roughness meter, awj calculating the average of the differ- 
35 ences in wave heights from the results of the measurement mentioned above. The undulating height was determined 
by polishing one surface of a tensile test piece prepared in accordance with No. 5 of JIS until a wet 600 finish was 
attained, then stretching the test piece by 20% at room temperature, evaluating the produced ridge by measuring per- 
pendicular to the stretching direction by the use of a roughness meter, and calculating the average of the measure- 
ments. 

40 As seen from the tabulated results, a ferritic stainless steel sheet having an El of not less than 30%, a AEI of not 
more than 2.0%, a r value of not less than 1 .4, a Ar of not more than 0.2, an Erichsen value of not less than 10, and an 
undulating height of not more than 10 jim, possessing satisfactory formability, manifesting less planar anisotropy, and 
excelling in anti-ridging characteristics can be produced by adjusting the steel composition and the production condi- 
tions and controlling the a value of the cold-rolled sheet in accordance with the invention. 

45 As described above, this invention enables the production of a ferritic stainless steel sheet possessing satisfactory 
formability and, at the same time, exhibiting less planar anisotropy and excelling in anti-ridging characteristics. By this 
invention, a ferritic stainless steel sheet having an elongation of not less than 30%, a r value of not less than 1.4, a pla- 
nar anisotropy of elongation, AEI, of not more than 2.0%, a planar anisotropy of r value, Ar, of not more than 0.2, and a 
anti-ridging characteristics of not more than 10 ^m in undulating height can be produced. The ferritic stainless steel 

so sheets produced according to this invention, therefore, can be useed in various applications which have heretofore 
required the use of austenitic stainless steel sheets. As a result, this invention has very high commercial value. 

It should be understood that the scope of the invention is not limited to the particular illustrative embodiments 
shown and described herein, but that various equivalent elements and method steps may be substituted without depart- 
ing from the spirit and scope of the invention defined in the appended claims. 
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Claims 



1 . A ferritic stainless steel sheet having less planar anisotropy and excellent anti-ridging characteristics, comprising: 
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ooZS 25 IT °°i Wt% ? C> **** 001 • 1 0 0f Si - ^ 001 - 1 0 °f M ". ™t more than about 

0 f T °i 1 "* ° f S " 0 005 - 0 30 ^ of Al. about 1 1 - 50 wt% of Cr, about 

o.l - 5.0 wt% of Mo, not more than about 0.03 wt% N, 

the content of C and N further satisfying the relations: 

about 0.005 wt% < (C + N) < about 0.03 wt%, and (C/N) < about 0 6 
said sheet further comprising Ti in an amount which satisfies the relation 
about 5 <: Ti/(C + N) < about 30. 

the balance of the sheet comprising Fe and incidental impurities 

said sheet having an X-ray integral intensity ratio (222)/(310) of not less than about 35 in a plane oarailel 
to a sheet surface at a depth of about 1/4 of the sheet thickness from said sheet surface P 
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(1) Ca: About 0.0005 - 0.0050 wt%, 

(2) Nb: About 0.001 - 0.0100 wt%, B: About 0.00020 - 0 0020 wt% 

(3) Cu: About 0.01 - 2.0 wt%. Ni: About 0.01 - 2.0 wt%. 

waulf, l^Sf'S^ an X " ray ^ intensity ratio (222y ( 310) 

(1) Ca: About 0.0005 - 0.0050 wt%, 

(2) Nb: About 0.001 - 0.0100 wt%, B: About 0.00020 - 0.0020 wt% 

(3) Cu: About 0.01 - 2.0 wt%, Ni: About 0.01 - 2.0 wt%. 

tSSXSSSSZT te * 8,991 94,991 « —«•**. «~ 
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7. 



■ 1L0 wt% of Mn, not more than about 0.08 wt% of R not more than about 0.01 of S about 0 005 0 30 

i t-TZ ^ ,n9 the r re,atlons: 0 005 wt% . (C + N) < about 0.03 wt%, and (Cft* < about 0 6 
sa d steel further comprising 71 in an amount which satisfies the relation: about 5 < Ti/(C + N) < aboTso the 
balance of said steel comprising Fe and incidental impurities- ' ' 

k 9 h ° K0,,ed Sh9et " 881(1 hot ro,Iin 9 Wiring a final pass reduction ratio during rough roll- 
ing of not tess than about 40% and at a final finish rolling temperature of not more than about 
subsequently subjecting said hot rolled sheet to hot roll annealing, cold rolling, and finish anneaTng 

^lea^ ^ZVl^ 5 ' 5t6P ° f Pr6paring steel further incorporation of 

at least one member of at least one group selected from the following three groups: 

(1) Ca: About 0.0005 - 0.0050 wt%, 

(2) Nb: About 0.001 - 0.0100 wt%, B: About 0.00020 - 0 0020 wt% 

(3) Cu: About 0.01 - 2.0 wt%, Ni: About 0.01 - 2.0 wt%. 

SSof Mn a nn? e nl C °T iSin9 K 0 02 ° f C ' 0 01 " 1 ° Wt% Of Si. about 0.01 - 1 0 

TJZ^ 1 1 * T^r^ ! „ 08 , *? ° f R 001 m ° re ^ *»* 0 01 ** «* S - about 0.005 - 0.30 wt* of 
Al about 1 1 - 50 wt% of Cr, about 0.1 - 5.0 wt% of Mo. not more than about 0 03 wt% N- the content of r 

JXtZZZE" r ,afons: *°* 0005 "* * (C + N) * — oo ^ 25 SSS 

steel further compnsmg Ti in an amount which satisfies the relation: about 5 s W(C + N) s about 30 the baT 
ance of sa.d steel comprising Fe and incidental impurities; 1 ' 
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hot rolling said steel to a hot rolled sheet, said hot rolling including a final pass reduction ratio during rough roll- 
ing of not less than about 40% and a final finish rolling temperature of not more than about 750°C, wherein a 
hot rolled sheet having an X-ray integral intensity ratio (222)/(310) of not less than about 30 in a plane parallel 
to a sheet surface at a depth of about 1/4 of the sheet thickness from said sheet surface; and 
5 subsequently subjecting said hot rolled sheet to annealing, cold rolling, and finish annealing. 

8. The method according to Claim 7, wherein said step of preparing said steel further comprises the incorporation of 
at least one member of at least one group selected from the following three groups: 

10 (1) Ca: About 0.0005 - 0.0050 wt%, 

(2) Nb: About 0.001 - 0.0100 wt%, B: About 0.00020 - 0.0020 wt%, 

(3) Cu: About 0.01 - 2.0 wt%, Ni: About 0.01 - 2.0 wt%. 

9. The method according to Claim 5, wherein said annealing is conducted at a temperature in the range of about 900 
75 - 1 100°C, said cold rolling is effected with a reduction ratio in the range of about 60% - 95%, and said finish anneal- 
ing is performed at a temperature in the range of about 830 - 950°C. 

10. The method according to Claim 6, wherein said annealing is conducted at a temperature in the range of about 900 
- 1 100°C, said cold rolling is effected with a reduction ratio in the range of about 60% - 95%, and said finish anneal- 

20 ing is performed at a temperature in the range of about 830 - 950°C. 

1 1 . The method according to Claim 7, wherein said annealing is conducted at a temperature in the range of about 900 
- 1 100°C, said cold rolling is effected with a reduction ratio in the range of about 60% - 95%, and said finish anneal- 
ing is performed at a temperature in the range of about 830 - 950°C. 

25 

12. The method according to Claim 8. wherein said annealing is conducted at a temperature in the range of about 900 
- 1 100°C, said cold rolling is effected with a reduction ratio in the range of about 60% - 95%, and said finish anneal- 
ing is performed at a temperature in the range of about 830 - 950°C. 
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FIG. I 
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FIG. 2 
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FIG. 3 
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THICKNESS PROPORTION OF SHEET WHICH POSSESSES^ 
AN a VALUE WITHIN ABOUT ±40% OF THE AVERAGE 
d IN THE SHEET THICKNESS DIRECTION 
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